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Abstract 

Frequently It Is necessary to determine the toughness of steels 
made into very thin sections. To develop a means of testing such steels, 
two types of sub-sized specimens were investigated. In one series, all 
dimensions were reduced proportionately. In the other, the width was in- 
creased as the thickness and the notch depth and radius were made smaller. 
The smaller specimens in both cases showed lover transition temperatures 
than the larger specimens. Even when all dimensions are decreased only by 
l/2 that of the standard (the area decreased to l/U), the difference in en- 
ergy between ductile and brittle steels is so small as to make comparison 
difficult. I'ith a small impact machine the energy can, however, be mea- 
sured more accurately. A specimen of l/z the thickness and twice the width 
of the standard can be used advantageously. Even thinner specimens could 
be used if the width was made proportionately greater. 

Introduction 

Recently, the trend in gun design has been toward thin high 
strength tubes. It is frequently necessary to determine the toughness of 
the steels from which such tubes are made. With this in mind, the Gun 
Steel Branch of the Vatertown Arsenal Laboratory requested the Physical 
Metallurgy Section to perform a few experiments with sub-sized Charpy spec- 
imens, so as to indicate whether they could be used to measure the toughnevs 
of steel in thin sections. This report describes the results of these ex-, 
periments. 

In order to determine the toughness of steel from thin gun tubes, 
the thickness of the specimens must be less than that of the standard nV" 
notched specimens. It is generally believed that, as the size of impact 
specimens are reduced while maintaining similitude, the conditions of the 
test become lees severe; i.e., the temperature of brittle failure decreases. 
Thus, for the present investigation, it was decided that two series of spec- 
imens could be studied advantageously. In one series all dimensions were 
decreased proportionally. In another, the "idth of the specimens was in- 
creased as the thickness, notch depth, and notch radius were decreased. 
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By Increasing the width, the transverse constraint is Increased slightly 
and the cross sectional area of the specimen can be maintained. Thus, the 
conditions of the tost are slightly more severe and the energy to break 
ductile specimens higher than if all diaonsione are reduced proportionately. 

Materials 

The materials used in this investigation were: 

1). S.A.3. 1020 hot rolled bar stock; Hockwell "B" 
65.5-66.5. 

2). S.A.E. 3130 bar stock. 
3). A section near one end of a largo forging (Steel 

Ho. 1033). 

The compositions of the steels wore as follovr: 

Material CKnP SSiCrNi Ho 

SA3 1020 
SAZ 3130 
No. 1033 

Since the 1020 bpr stock was 2 inches in diameter,  four longitu- 
dinal Charpy speciniens were machined from the cross section as ihown in Pig- 
ure 1.     In all cases,  regardless of the size of the specimen,   the center of 
the height of the Charpy specimen was 5/8 of an inch from the center of the 
bar,  thus all specimens were machined from near the same relative position 
in the bar stock. 

Tor heat treatment purposes the 5/8 inch diameter S.A.E.  3130 
steel bar was cut into five-inch lengths with two Charpy specimens being 
machined from each five-inch length after heat treatment.    Half of the bars 
were quenched and temperec, whereas the remainder were quenched,  tempered, 
and embrittled.    The heat treatment which the S.A.E. ^1}0 bars received is 
given below, 

1 I?on-anbrittled Bnbrlttled 

Austenitize '        16250 ?.,  1 hour 1625° F.,  1 hour 
Quench ' Water Mater 
Temper '        1100° F.,  1 hour 1100° F.,  1 hour 
anbrlttle ' 850° F., 50 hours 

1 

All specimens were water quenched follo'rlng tempering and embrit- 
tling.    Hardness of both sets was in the range of Rockwell "C" 26-27.    The 
non-embrittled bars were marked "Z" and the embrittled bars marked "X*» 

The details of the heat treatment of the forging are not knovm. 
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This material was used in this inveati^ptlon without roceivinf: any additional 
heat treatment. 

Figure 2  lists the types of specimens machined from the three 
steels used in this studv. JOT  the «pecimons of S.A.B. 1020 and forging 
To, 1033» the width was increased as the thiclcness doer eased so as to main- 
tain a constant cross-sectional area of the spociraens. With the thinnest 
specimens, it was not believed feasible to follow this procedure for the 
specimens would have been an Inch and a half wide. This extreme width was 
not believed to bo practical. Thus, the width of the Äpcclmons having a 
thickness of ,099" is the sane as that of the specimens having a .3-97" thick- 
ness. Difficulty was encountered in machining the «0025 radius at the bot- 
tom of the notch of the steel 1033« However, the radius never exceeded .003. 

Tests and Results 

All specimens, v-ith the exception of the .197" square specimens 
from the 313O steel tested at -20° 0. and below, wore broken on the standard 
Charpy machine. The  other .197*' square specimens wore broken on the 16 ft.- 
1b. Charpy machine. Tables I, II, and III list the energy absorbed, types 
of fracture, and tomperaturc of tests for all specimens. In Figures 3i ^1 
and 5. these results are plotted. 

Discussion 

Tnc data indicate that only for the thinnest spociraens of the 
three steels was the transition tor.rooraturc from ductile to brittle failure 
appreciably lower than that of standard spociraens. In the case of the 313^ 
steel (all diraensions reduced), the l/2 size specimen showed an approcipbly 
lower transition teraperature than did the standard specimens. For the other 
steels using the wider spociraens, the effect is clearly noticeable only with 
the l/U thickness specimens. Thus, largo reductions in the size of the spec- 
imens does decrease slightly the severity of the notched-bar test. Possibly, 
if all diraensions wore scaled, Including those of the testing machine, the 
effect would not be as groat. 

An examination of the fractures described in Tables I, 11, and III 
also indicate that tho tests with the smaller bars are less severe. The 
fracture rating can be used to distinguish between ductile and brittle mate- 
rial. 

In Figures 6 and J. the relation betwoen the energy of the stand- 
ard and suh-slzod specimens of both types are plotted (from the meagre data 
of Figures 3« ^i and 5), In those figures only the values are taicen from 
tests above the transition tone, for only in this case are *he energies cor- 
rdatable. Tho figures indicate that, for the specimens in which all dlraen- 
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eionn were reduced, the l/2 alyed specimenB would have only about 8 ft.-lbG. 
energy when the standard specimen revealed ^0 ft.-lhB. Satisfactory and 
uneatipfactory metal would necessarily fall in the range of from 1 to 8 
ft.-lbs. (for kO  ft.-lbe. standard energy). If the small impact machine 
is used, the errors should bo reduced and differences within this range 
might be almost as readily determined as with a wider range of valueö ob- 
tained on the large machine with large specimens. 

For the wider specimens the l/2 thickness specimens would re- 
quire about 28 ft—lbs. when the standard Charpy was ^40 ft .-lbs. The l/k 
thlcknoac specimen would require about 12 ft.-lbs. The wide l/2 thickness 
spocimon could definitely be used to diotingulsh steels of different struc- 
tures. 

B. E. He Carthy     * 
Private, Ordnance Department 

f    J, H. Hollomon 
Captain, Ordnance Department 

APPROVSDJ 

<*/*/»'/„ 
J. H. HOLLOtON 
Captain, Ordnance Department 
Chief, Physical Metallurgy Section 
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LAYOUT OF SPECIMENS FROM SAE  1020 BAR STOCK 

FIG.   i 
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STANDARD   LENGTH 

T 
Q 

L 

■w 

• 

/S 

MATERIAL MARK W D A 
RADIUS AT 

BASE OF 
NOTCH 

1020 K 394 394 .078 010 

102 0 L 5 2 5 294 .0585 .0075 

1020 M .787 .19 7 .039 005 

1020 N .787 .099 .0195 0025 

3130 
X-l TO X-IO 
Z-ITOZ-IO 394 394 .078 .010 

3130 X-I3TOX-22 
Z-I3T0Z-22 

.2- 7 ■ 

.294 .294 039 
75" 

005 

3130 

103 3 

X-25T0X-34 
Z-25TOZ-34 .197 .197 

.< if 
-0195 

r  c- f 

.0025 

A 394 394 078 .010 

1033 0 525 .294 0585 007 5 

1033 E .78 7 .19 7 ■039 005 

1033 6 .7 8 7 099 .0195 0 02 5 

+lf 

,fj a   ■ 

..ojjriMi <'i»«»i^wan -»jwas— 

TYPES   OF   SPECIMENS  USED 
FOR  BOTH STEELS 

FIG. 2 
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-60 -40 -20 0 +20 
TESTING    TEMPERATURE   (•C) 

♦ 40 

IMPACT RESULTS OF STANDARD 8 SUBSIZE SPECIMENS 

OF SAE   1020 STEEL. 

FIG. 3 
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-80 -40 -20 0 ♦ZO 

TESTING TEMPERATURE   (•0) 

*40 

| 

! 

IMPACT ENERGY OF STANDARD 8 SUBSIZE SPECIMENS OF 

OF STEEL NO. 1033 

FIG.  4 
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20 40 60 80 100 
IMPACT ENERGY OF SUBSI2E SPECIMENS (FT.-LBS.) I 

APPROXIMATE RELATION BETWEEN ENERGY OF 
STANDARD 8 SUBSIZE SPECIMENS (ALL DIM- 

ENSIONS REDUCED). 

FIG.6 
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20 30 40 50 60 
IMPACT ENERGY OF SUB-SIZE SPECIMENS (FT^LBS.) 

APPROXIMATE  RELATION   BET WEEN ENERGY OF STANDARD 
a SUB-SIZE SPECIMENS    (ALL DIMENSIONS REDUCED   EX- 

CEPT WIDTH). 

FIG.  7 
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